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Abstract
When pilots are unable to accurately perceive the position and motion of their
bodies, they are spatially disoriented. Spatial disorientation is often induced by aviation
illusions, and its consequences include dizziness, confusion, nausea and fatigue. The
present research evaluated the severity of cognitive, neuroendocrine and subjective
symptoms of the Coriolis illusion, induced by a spatial disorientation flight training
device. Also, the research examined the effectiveness of a mild, ground-based
countermeasure, similar to the Coriolis illusion, in reducing the occurrence and severity
of symptoms. In the early stages of data analysis, there appeared to be a significant
impact of the Coriolis illusion on cognitive performance and subjective reports of
disorientation. However, when more powerful detailed were conducted, no significant
impact of the Coriolis illusion was found. Therefore, conclusions regarding the
effectiveness of the countermeasure or the duration of the symptoms could not be made.
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Quantifying the Cognitive 1
Introduction
Humans are well prepared to ambulate on the ground, to swim underwater, even
to swing through trees, somewhat. We rely on a complex interaction of visual, vestibular
and proprioceptive cues to orient ourselves in space. However, we are not well prepared
to remain coordinated and cognizant in the sustained, accelerated angular movements of
powered flight.
When humans are unable to perceive the position and motion of their bodies, they
are spatially disoriented. With regard to aviation, spatial disorientation refers to a pilot's
"failure to sense correctly the position, motion or attitude of his aircraft or of him/herself
within the fixed coordinate system provided by the surface of the earth and the
gravitational vertical" (Previc & Ercoline, 2004, p.l). When visual references are not
available to pilots, they must rely on other bodily senses (which can easily misrepresent
angular movement) to help them understand where they are located in space. Even birds,
whose main form of locomotion is flight, are unable to fly safely when deprived of sight
(DeHart and Davis, 2002). Consequences of spatial disorientation include headache,
dizziness, confusion, even nausea and fatigue. It is one of the most common factors in
fatal aircraft accidents. Statistics from the FAA estimate that 5-10% of general aviation
accidents are due to pilot disorientation, and that 90% of those accidents are fatal (Previc
& Ercoline, 2004).

Statement of the Problem
Most of the research focusing on spatial disorientation has relied practically
exclusively on subjective reports. The present research sought to quantify the duration
and severity of cognitive, physiological and subjective symptoms of spatial disorientation
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as induced by a spatial disorientation flight training device. The goal of this research was
to provide a demonstration that these symptoms could be quantified in simulated flight
such that the effectiveness of different countermeasures could be evaluated. The effects
of a visual illusion were compared to those of a vestibular illusion. Also, the research
examined if pre-exposure to a ground-based vestibular illusion would reduce the
occurrence or severity of some symptoms and thus serve as an effective countermeasure.
The ability to induce and measure symptoms associated with spatial disorientation, may
lead to the development of more sophisticated countermeasures.

Review of the Literature
Spatial orientation. Humans rely mainly on three sensory systems for information
about how they are positioned: the visual system, vestibular system, and proprioceptive
system. Most of the information we use to orient our bodies comes from our eyes. In
fact, we are often unaware of the other orienting systems until we are deprived of visual
cues or are exposed to "unusual or prolonged forces" (Sanders & McCormick, 1993, p.
643).
Without vision, "flight as we know if would be impossible" (DeHart & Davis,
2002, p. 189). A visual stimulus begins when visible light passes through the cornea, the
pupil, and then the lens of the eye. The cornea and lens focus the light onto the retina,
where the receptors (rods and cones) are located. These receptors generate electrical
signals in response to the light. These signals are transmitted along various neurons to the
optic nerve. The optic nerve is comprised of the axons of ganglion cells, the final
common path of neurons that transmit the electrical signals created by the rods and cones.
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Eventually, the signals reach the visual cortex, the visual processing area of the brain
(DeHart & Davis, 2002).
Before reaching the visual cortex, the axons synapse with an area of the thalamus
known as the lateral geniculate nucleus (LGN). The thalamus is a major relay station of
the brain, and the LGN receives input from the ganglion cells and sends the information
to the visual cortex. The neurons in the bottom two layers of the LGN are known as
magnocellular layers and they are important to our sense of orientation, self motion, and
spatial awareness (Tsang & Vidulich, 2003). These neurons respond to motion and
flicker, and project to areas of the brain that specialize in motion processing (posterior
parietal and superior temporal areas). These areas also receive inputs from the vestibular
system, and are believed to play an important role in sustaining spatial orientation
(DeHart & Davis, 2002).
Whereas the visual system's contributions to spatial orientation are obvious, the
contributions of the vestibular system largely go unnoticed. That is, until we experience
"provocative stimulation" (Previc & Ercoline, 2004, p.40). The vestibular system
provides information about head position and motion. It is located in the inner portion of
each ear (just below and behind the eye socket) and contains the semicircular canals and
otolith organs. The two otolith organs respond to changes in linear acceleration and
gravity, while the semicircular canals are responsive to angular acceleration. In other
words, these organs respond not to constant velocity, but to changes in the rate of motion
(starts and stops) (Schiffman, 1996).
The semicircular canals in each ear consist of three interconnected tubes. The
tubes are arranged like the x, y, and z axes of three dimensional space, and can detect
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movement left to right, forward or backward or up and down. With regard to aviation,
the canals also correspond to the pitch, roll and yaw axes (See Figure 1).

Figure 1. The Planes of the Semicircular Canals and Corresponding Aviation Axes.
(From Federal Aviation Administration, n.d.)
The base of each semicircular canal widens into a chamber known as the ampulla
(see Figure 2). Each ampulla contains a gelatinous structure that completely seals the
canal, called the cupula. The cupula is comprised of tufts of hair, and the ends of the hair
cells form a base called the crista. Each canal is filled with fluid (endolymph) which
moves in response to changes in position. The movement of the endolymph bends the
cupula and stimulates the cells of the crista, causing a neural impulse to be sent to the
brain, specifically the cerebellum where balance and movement are coordinated (DeHart
& Davis, 2002).
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Figure 2. The Cupula of the Semicircular Canal.
(From Federal Aviation Administration, n. d.)

Each hair cell is comprised of many smaller hairs (stereocilia) and one large hair
(the kinocilium), arranged from shortest to tallest. When the cilia are bent towards the
kinocilium, the cell is depolarized and the impulse rate increases. When the cilia are bent
in the opposite direction, the impulse rate decreases (the cell hyperpolarizes) (DeHart &
Davis, 2002).
To better understand how the semicircular canals detect motion, consider what
happens when a person turns his or her head to the left. At first, the endolymph in the
horizontal canal remains still (due to inertia). As the canal moves with the head, it causes
the fluid to flow in the opposite direction of the rotation, bending the cupula and
signaling movement.
The otolith organs are two sacs (the saccule and utricle) located at the base of the
semicircular canals. When the head is upright, the saccule is in the vertical position and
the utricle is horizontal They both contain otoconia (dense calcium carbonate crystals)
and sensory hairs are embedded in the inner surface of the two organs. As the head
position changes, the otoconia are displaced and bend the hair cells. This creates a neural
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transmission which eventually reaches the brain, particularly the cerebellum (DeHart &
Davis, 2002).
Specifically, both organs contain a sensory area known as the macula. Each
macula contains several thousand vestibular hair cells, The cilia which emerge from
these hair cells are embedded in a gelatinous structure called the otolithic membrane.
The otoconia are located in this membrane (see Figure 3). When the head moves, the hair
cells are bent by the displacement of the otoconia and the otolithic membrane, and a
nerve impulse is generated (DeHart & Davis, 2002).

Figure 3. The Otoconia and Macula of an Otolith Organ.
(From Yolton, Citek, Coffey & Laukkanen, 2006)
The utricle responds to tilting of the head and senses forward and backward
motion of the head. The role of the saccule is not understood as well as that of the
utricle. Researchers believe it is associated with the detection of vertical acceleration or
falling (Previc & Ercoline, 2004).
The importance of the vestibular system is illustrated in the incurable condition of
Meniere's disease. It is believed to be caused by an overproduction of the endolymph
fluid in the inner ears, and the condition affects both hearing and vestibular functions.
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Patients experience episodes of severe nausea, vertigo, distortions in hearing and even
hearing loss. The National Institute on Deafness and Other Communication Disorders
estimates that there are currently 615,000 people with Meniere's disease in the United
States and 45,500 newly diagnosed cases each year (National Institute on Deafness and
Other Communication Disorders, 2001).
The collaboration of the visual system and the vestibular system is illustrated by
the vestibulo-ocular reflex (VOR). Whenever the head moves, a series of reflexive eye
movements stabilize the eyes with regard to the environment. These eye movements are
directed by the vestibular system. If, while focusing on a fixed object, the head is moved
to the left, the eyes move to the right, and vise versa. These eye movements help the
visual system to perceive a constant, stable image (Schiffman, 1996).
While the visual and vestibular systems are of utmost importance to maintaining
spatial orientation, the proprioceptive system plays a supporting role. The proprioceptive
system is our body's sense of limb position. Receptors are found within our muscles,
tendons and joints. Specifically, muscle spindles, located in all skeletal muscles, respond
to changes in muscle length. Golgi tendon organs, in the attachment points of the skeletal
muscles, provide information about muscle tension. Receptors in the skin can detect
points of contact between body parts and the environment, adding to our understanding of
our position in space (DeHart & Davis, 2002).
To better understand the significance of proprioception, consider Ian Waterman, a
patient with complete loss of proprioception. He lost the ability to sense the position and
movement of his body after a viral infection destroyed the nerves that control the
proprioceptive sense. Ian has to visually monitor every movement his body makes, and is

Quantifying the Cognitive

8

unable to tell without looking how his body is positioned. If the lights go out
unannounced, he crumples to the floor (Azar, 1998).
Spatial disorientation. The three orientating systems, visual, vestibular and
proprioceptive, have evolved to help humans orient themselves on Earth's surface.
However, the information they provide is not as accurate in the unusual environments
associated with flight. In the absence of visual cues, such as in instrument meteorological
conditions, the vestibular system is often unreliable in flight. If the information received
from the visual, vestibular and proprioceptive systems conflict, illusions can occur and
spatial disorientation results.
A major reason vestibular information can be unreliable in flight is due to the
functioning of the semicircular canals. When a pilot begins a turn, the fluid in the inner
ear initially does not move immediately (due to inertia). Then as the turn continues, the
fluid moves in the opposite direction of the turn. This causes the cupula to bend and
signal the brain that the head is turning. During a prolonged turn, the elastic properties of
the cupula bring it back to a resting position, even while the turn continues. For rotations
lasting 20 to 30 seconds, adaptation begins, creating the feeling that one is no longer
turning. When the turn stops (angular deceleration), the moving fluid pushes against the
vertical cupula, which is deflected in the opposite direction, creating a sensation that one
is turning in the opposite direction. This is just what happens when pilots experience "the
leans," one of the most common aviation illusions involving the vestibular system (Previc
& Ercoline, 2004).
There are also certain thresholds below which the vestibular system will not
detect rotational acceleration. According to DeHart and Davis (2002), common values
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are 0.14, 0.5 and 0.5 degrees/second2 for yaw, roll, and pitch rotations, respectively. In
addition, higher levels of angular acceleration are perceived more quickly, while lower
levels of must affect the subject longer in order to be perceived.
Another classic vestibular illusion is the Coriolis illusion. This is an extremely
dangerous illusion because it involves simultaneous stimulation of two or more of the
semicircular canals. It is typically induced when a pilot moves his or her head while
turning. During a prolonged turn, the endolymph fluid has had time to stabilize. When
the pilot tilts his or her head, the movement of the endolymph in the other semicircular
canals signals the perception of movement. This produces an almost unbearable
sensation that the aircraft is rolling, pitching, and yawing all at the same time (DeHart &
Davis, 2002).
The inadequacies of the vestibular system can lead to illusions of false motion or
rotation in the aviation environment. For this reason, pilots are often instructed to ignore
information provided by vestibular receptors, a technique called vestibular suppression.
Instead, they are trained to develop visual dominance, the ability to rely on information
provided by their flight instruments and other visual cues from the environment when
maintaining spatial orientation. The ability to suppress vestibular sensations is developed
with training and experience (DeHart & Davis, 2002).
There are also aviation illusions that involve only the visual system. Visual
illusions may induce spatial disorientation, but since the vestibular system is not being
stimulated, symptoms of nausea and dizziness are often not produced. The runway width
illusion is one of these aviation illusions. For example, an approach to an unusually wide
runway may produce the illusion of low altitude. Pilots who believe this illusion will
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pitch the nose of the aircraft up and as a result, could experience a low altitude stall or at
least a missed approach. On the other hand, an abnormally narrow runway may create
the illusion of high altitude. To correct, a pilot may pitch the nose of the aircraft down,
which could result in too rapid a descent and a 'firm' landing. Other visual illusions
involve sloping runway terrain and fixating on stationary objects (autokinetic illusion)
(DeHart & Davis, 2002).
Types of spatial disorientation. Researchers categorize spatial disorientation into
three types: Type I (unrecognized), Type II (recognized), and Type III (incapacitating).
When pilots experience Type I disorientation, they are not aware that they are
disorientated and feel that the aircraft is responding well to inputs. Many accidents result
from Type I disorientation. In fact, this type of spatial disorientation occurs most in
controlled flight into terrain (CFIT) accidents (Previc & Ercoline, 2004).
Type II disorientation is characterized by the pilot's conscious awareness of some
conflicting orientation cues. The pilot is aware that something is wrong but can still
control the aircraft. Only a minority of spatial disorientation mishaps are credited to
Type II disorientation (Previc & Ercoline, 2004).
Finally, Type III disorientation is the most debilitating but least understood. With
Type III disorientation, pilots are aware that they are disorientated; however they are
often so confused that incorrect flight adjustments are made and little can be done to
recover. Pilots may be so incapacitated and afraid that they freeze on the controls. Type
III spatial disorientation is mainly related to vestibular disruption (Previc & Ercoline,
2004).
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Motion sickness. In addition to the feelings of disorientation and confusion,
abnormal vestibular stimulation can produce unpleasant physical symptoms of motion
sickness that can impact performance. As written in DeHart and Davis (2002), "so
closely entwined are the mechanisms of spatial orientation and those of motion sickness
that orientation is sometimes (and legitimately) used as the general term for the... related
conditions referred to as motion sickness" (p. 236). Motion sickness is a condition of
diminished sense of well being in response to unfamiliar conditions in the motion
environment. It can occur on ships, aircraft, in simulators, even in outer space. Although
termed a sickness, it is a perfectly normal response to unusual or unfamiliar motion.
Symptoms can range from tiredness, lack of interest, and stomach awareness, progress to
nausea, pallor, and cold sweats, or even to retching and vomiting. Repeated vomiting can
lead to dehydration and electrolyte imbalances. Headaches and increased salivation have
also been reported with motion sickness. Interestingly, the symptoms and physiological
responses are consistent for all forms of motion sickness (DeHart & Davis, 2002).
There are several theories that explain motion sickness. The current accepted
theory is the neural mismatch theory, also known as the sensory conflict theory (DeHart
& Davis, 2002). It claims that motion sickness results when the senses (vision,
vestibular, proprioceptive systems) perceive conflicting motion information. Airsickness
most often results from a conflict between the visual and vestibular system. The visual
system perceives that we are stationary in the aircraft, while the vestibular apparatus
senses linear and angular motion.
It is widely believed that the vestibular system must be stimulated for motion
sickness to occur. In fact, people with non-functional vestibular systems are not
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susceptible to the sick feelings associated with motion. This is the basis of the
overstimulation theory, which claims that powerful stimulation of the vestibular system is
the source of motion sickness. However, moving visual scenes alone (e.g., wide screen
movies of roller-coasters) have been shown to induce motion sickness. This phenomenon
is best explained by the neural mismatch theory (DeHart & Davis, 2002).
Incidence of spatial disorientation and motion sickness. Most of the information
regarding the incidence of spatial disorientation has come from studies in military
aviation. Lyons, Ercoline, O'Toole and Grayson (2006) reviewed United States Air
Force data from 1990 to 2004 and found that spatial disorientation accounted for 11% of
crashes. For the same data, spatial disorientation related accidents had a fatality rate of
69%. As previously mentioned, the FAA estimates that spatial disorientation accounts for
5-10% of all general aviation accidents, with a fatality rate of 90% (Previc & Ercoline,
2004). In addition, spatial disorientation accidents are common throughout the world,
with the Canadian, British, and Indian Air Forces all reporting accidents due to spatial
disorientation. With regard to commercial aviation, spatial disorientation is the leading
cause of accidents worldwide, with CFIT accidents a close second (DeHart & Davis,
2002).
Current studies of United States and British military aviation discovered that
approximately 40% of aircrew trainees become airsick at some point during training.
Furthermore, in the student pilot population, there is up to an 18% incidence of motion
sickness that is severe enough to disturb the control of the aircraft. Airsickness generally
is present during initial training flights and during aerobatics training, but then declines as
the body adapts to the motion. Little information is available regarding the incidence of
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airsickness in the general population, but it is believed to be less than that in military
aviation because civilians generally do not experience aerobatics training (DeHart &
Davis, 2002).
Susceptibility to spatial disorientation and motion sickness. There is much
variation with which people are prone to motion sickness. Interestingly, if a person is
susceptible to one type of motion sickness, he or she is most likely susceptible to all types
(Sanders &McCormick, 1993).
It is well documented that women are more susceptible to motion sickness than
men (Flanagan, May, & Dobie, 2005; DeHart & Davis, 2002). Researchers believe this
may be due to hormones, as women are most vulnerable during pregnancy and
menstruation. Also age is important when discussing susceptibility of motion sickness.
It has been found that the older the person, the less likely he or she is to experience
motion sickness. More specifically, after puberty, susceptibility to motion sickness
declines with age (DeHart & Davis, 2002).
There are certain flight conditions that are more conducive to spatial
disorientation and motion sickness. A pilot is more likely to become disorientated in
instrument meteorological conditions and at night. In these conditions, the pilot is
deprived of visual cues to help orient him or herself in the environment. Psychological
factors including overconfidence, pressure to make a flight, and poor spatial ability all
increase the probability of spatial disorientation (Previc & Ercoline, 2004).
Neuroendocrine response to motion sickness. It has been shown that disturbance
of the vestibular system has an effect on neurotransmitters and endocrine secretions.
Studies with animals and humans have shown that the nausea and vomiting associated
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with motion sickness activates the release of stress hormones like Cortisol (Otto, Riepl,
Klosterhalfen & Enck, 2006). Cortisol is released by the adrenal cortex (i.e., a
corticosteroid) and plays a role in the body's response to long term stresses. It is secreted
with the activation of the hypothalamic-pituitary-adrenal axis (HPAA). In response to a
stressor, the hypothalamus signals the pituitary gland to secrete adrenocorticotropic
hormone (ACTH), which stimulates the adrenal cortex to excrete stress-related hormones.
Cortisol is responsible for many of the physiological changes that help us cope with
stress, including the release of stored energy in the body, and enhanced muscle tone in
the heart, and its effects are long-lasting. Increases in Cortisol were found in people with
high, medium and low susceptibility to motion sickness after being exposed to vestibular
disruption similar to the Coriolis illusion (Grigoriev, Nichiporuk, Yasnetsov, &
Shashkov, 1988). An examination of the salivary Cortisol after exposure to spatial
disorientation could provide a more objective measure of stress than traditional subject
reports, as well as provide an idea of the severity of vestibular disruption.
Also found in saliva is the protein amylase. Salivary amylase is an enzyme that
breaks down starches in foods into simple sugars. A correlation has been well
established between salivary amylase and levels of epinephrine and norepinephrine in
plasma (Skosnik, Chatterton, Swisher, & Park, 2000). In addition to serving as
neurotransmitters at sympathetic autonomic sites, these two chemicals act as
neurohormones and are released with the activation of the adrenal medulla by the
sympathetic nervous system (i.e., catecholamines). They are in large part responsible for
the "flight or fight response" to immediate stressors. These chemicals cause rapid
physiological arousal, including increased respiration, heart rate, and blood flow to the
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muscles. Some studies suggest that amylase may be a better predictor of stress (more
sensitive) than Cortisol (Aragaki, Etoh, Hojo, Takai, & Nishikawa, 2003; Chatterton,
Vogelsong, Ellman, Lu, & Hudgens, 1996). Furthermore, increases in resting amylase
levels were demonstrated in people very susceptible to motion sickness (Gordon, BenAryeh, et al.,1994; Gordon, Jackman, et al., 1992). As with Cortisol, the analysis of
salivary amylase could provide a more objective understanding of the stress caused by
vestibular disruption.
Cognitive impact of motion sickness. The most well known symptoms of motion
sickness and spatial disorientation are physiological: headache, nausea, dizziness and
pallor. There is less awareness of how cognitively disabling motion sickness might be.
Graybiel and Knepton's (1976) used the term "sopite syndrome" to describe some of the
cognitive symptoms of motion sickness. The sopite syndrome was first used to identify
non-nausea symptoms like drowsiness and yawning but residual decrements for mental
and physical work, poor concentration, irritability, sleep disturbance, and more errors in
complex performance have been put forward as a major complication of the sopite
syndrome in an operational environment (Kennedy, 1994; Lawson & Mead, 1998).
These symptoms may occur with or without the presence of other core symptoms of
vestibular disruption, such as vertigo or nausea. Thus, the malaise of the sopite syndrome
could impair performance on a variety of tasks and flight scenarios, raising safety
concerns for those suffering these symptoms as well as for other crew members. The
present study set out to quantify the cognitive effects of spatial disorientation on a
divided attention task.
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Countermeasures. Current countermeasures for the symptoms of motion sickness
include transdermal patches containing anticholinergic drugs like scopolamine placed
behind the ear. While it is effective in reducing nausea, vomiting and dizziness, various
drug related side effects have been found, including drowsiness, increased reaction time,
and reduced rates of information processing. The drug is highly toxic and has to be used
in minute doses. In fact, DeHart and Davis (2002) recommend against the routine use of
anti-motion sickness medications in aircrew because of the undesirable side effects. For
the same reasons, these medications can not be taken by pilots on solo flights. Therefore,
there is a need for a new defense against motion sickness.
One such countermeasure is adaptation. The expression of "getting one's sea
legs" describes the idea of developing a tolerance to the stimuli that produce motion
sickness. The vestibular system displays a decreased response to stimuli that are
persistent or repetitious. Pilots who are frequently exposed to extreme maneuvers have
shown reduced vestibular response in clinical rotary tests (Tsang & Vidulich, 2003).
These pilots may have built a tolerance to sickness-inducing stimuli and learned adaptive
behaviors to minimize their effects. However, when the pilots had not flown for a few
weeks, their vestibular responses returned to normal. There also are individual
differences with regard to adaptation and habituation; some individuals continue to
experience symptoms motion sickness even after very repetitive exposures to provocative
motion.
Taking the idea of adaptation one step further, Kennedy, Berbaum, Williams,
Brannan, and Welch (1987) and Dobie, May, Gutierrez, and Heller (1990) demonstrated
that pre-exposure to a mild ground-based Coriolis illusion reduced symptoms of motion
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sickness in a virtual environment. Pre-adapting individuals to vestibular/visual conflicts
before experiencing a true motion sickness inducing stimulus might be more beneficial
that exposing them to the true environment and waiting days for adaptation to occur.
This is the basis of the behavioral countermeasure strategy in the present study.

Statement of Hypotheses
The purpose of the present research is to quantify the cognitive, neuroendocrine
and subjective symptoms of the Coriolis illusion, as induced by a spatial disorientation
flight training device. It is hypothesized that: (1) a vestibular illusion (i.e., the Coriolis
illusion) will produce greater and more severe symptoms of motion sickness then a visual
illusion because of its stimulation of the vestibular system. The runway width illusion
will be used as the visual illusion for this experiment. This will be determined using only
the participants that do not receive the ground-based countermeasure. If the Coriolis
illusion does induce symptoms of motion sickness, it is hypothesized that (2) mild preexposure to a ground-based Coriolis illusions will lessen the severity of symptoms.
Specifically, (2a) the levels of salivary amylase and Cortisol will be less in those
individuals that received the ground-based Coriolis illusion compared to the participants
who do not experience the ground-based illusion. Also, (2b) the participants who do
experience the ground-based illusion will report less subjective symptoms of motion
sickness, as well as (2c) perform better on the cognitive test in terms of accuracy and
response times.
It is also expected that (3) the subjective, cognitive, and neuroendocrine effects of
the Coriolis illusion will vary over time. Participants will complete the questionnaires
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regarding experienced symptoms, tests of cognitive performance, and provide saliva
samples at six time intervals over three hours. By analyzing the data across the intervals,
we will be able to determine the duration of the symptoms. Finally, (4) it is hypothesized
that there will be no significant differences between the control group (unexposed to the
spatial disorientation flight training device and unexposed to the ground-based
countermeasure) and the two experimental groups with regard to baseline scores on the
cognitive test. On testing day, the cognitive test was administered in a different location
and on a different computer for all groups, so the control group served as a control for
any changes in the testing environment that may have impacted cognitive performance.

Methods
Participants
Both male and female low flight time pilots between 18-25 years of age were
recruited from Embry-Riddle Aeronautical University (ERAU). The average age of the
participants was 20.21 years (SD = 1.84). Specifically, participants were required to have
no more than 200 total flight hours and have no previous exposure to any aviation
illusions in a flight simulator. The limit on the flight hours was to eliminate the
possibility of participants having too much exposure to aviation illusions while still
maintaining good visual flight control over the aircraft. Participants could not have an
instrument rating, as formal instrument training reduces the susceptibility to spatial
disorientation (Dehart & Davis, 2002). The average number of flight hours for the
participants was 91.23 (SD = 36.90), with a range of 26 to 200 total hours. Potential
participants were screened for any disqualifying medical conditions and all had current
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flight medical certificates (class three). Also, motion sickness histories for each
participant were collected. The study had a between subject design, requiring 24
participants. Participants were randomly assigned to the pre-exposure, no pre-exposure,
or control group. The eight participants in the pre-exposure group experienced the
ground-based illusion which served as a countermeasure to the effects of the simulated
Coriolis illusion. The eight participants in the no pre-exposure group did not experience
the ground-based illusion to serve as the comparison for the effectiveness of the
countermeasure. There was also a control group of eight pilots to serve as a comparison
for the cognitive test, since it was administered in a different location and on a different
computer for all groups. These participants did not experience illusions in the spatial
disorientation flight training device, or any ground-based illusions. This allowed for the
isolation of the effect of disorientation on cognitive ability and the control of other
confounding variables associated with testing in a different facility from training.

Pre-exposure
The ground-based countermeasure involved participants bending at the waist
while turning in a tight circle. Specifically, participants bent at the waist, with one hand
pointing at the floor. The other arm reached under the pointing arm and across the chest
and grabbed the contralateral earlobe. Next, participants walked in circular fashion for 10
revolutions and then stood up. This procedure is similar to the Coriolis illusion and
produces dizziness and vertigo (Dobie et al., 1990; Kennedy, et al., 1987). The
experimenters made certain that the participants did not fall and that the 10 revolutions
were completed within one minute. This procedure was repeated on the second training
day and on the testing day, before entering the flight training device.
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Materials
The Motion History Questionnaire (MHQ) was used to obtain participants' past
experiences with motion sickness. Questions examine past experiences with airsickness,
simulator sickness, sea sickness and car sickness (see Appendix C). The MHQ was
developed to study airsickness caused by Coriolis-like stimulation. MHQ scores are
typically predictive of an individual's vulnerability to motion sickness, specifically
subjective reports of motion sickness like the Simulator Sickness Questionnaire (SSQ)
(Stanney, Hale, Nahmens, & Kennedy, 2003).
The research was conducted using the General Aviation Trainer (GAT) II flight
training device located in the College of Aviation at ERAU (see Figure 4). The GAT II is
a fixed-wing flight trainer that simulates the performance of a generic aircraft. It is
capable of producing 14 aviation illusions, including the Coriolis and Runway Width
illusions. The GAT 11 is used by various educational and government agencies and is a
well known flight training device.

Figure 4. The General Aviation Trainer (GAT) II
Specifically, the Runway width illusion involves the narrowing of the runway on
an approach. The width of the runway is reduced by 50 % to create the illusion of being
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too high on the approach. The Coriolis illusion is induced as the pilot is rotated in the
yaw plane at 0.3 degrees per second with acceleration up to a rate of 72 degrees per
second rotational speed. At this rate, yaw motion should not be able to be detected by
99% of the population. When the pilot views the window scenery and instruments,
indicating that he/she is flying straight and level, the visual cues override vestibular cues
(G.B. King, personal communication, July 10, 2006). No flight performance data were
collected.
The Automated Neuropsychological Assessment Metric (ANAM) was used to
measure cognitive performance. ANAM is a computerized battery of cognitive tests and
was developed by the United States Army Medical Research and Materiel Command.
The tests were developed to be used in a variety of assessment situations, including
neuropsychological, fitness for duty and human factors research, and can be used on
individuals with superior cognitive functioning and those who are moderately impaired.
Early versions were used to assess the effects of microgravity on the cognitive skills of
astronauts in NASA's Performance Assessment Work Station (PAWS). More recently it
was used to evaluate the effects of fatigue on cognitive performance by the US Air Force
(Chaiken et al., 2004), as well as to measure the effect of noise on cognitive performance
in general aviation pilots (Jordan, Harris, Goernert, & Roberts, 1996).
One subtest from the ANAM battery was administered to measure the cognitive
impact of the illusions. The subtest is the Switching task, but it is a divided attention
task. It is a dual task in which the participant either responds to a math problem or a test
of spatial perception (i.e., the manikin test) depending on the direction of an arrow (see
Appendix A for a sample screen shot). For the mathematical task, participants must

Quantifying the Cognitive 22
decide if the answer to the math problem is more or less than five. For the manikin task,
subjects must decide which hand the ball is located as the figure changes direction and
orientation. Participants use the keyboard to input their answers. This subtest was
selected to improve external validity as divided attention tasks are more representative of
the duties required of pilots. All participants received training for the switching task until
a stable level of performance was achieved. This was accomplished by five practice
exposures spread out over three consecutive days. Completion of one session took
approximately 10 minutes. Participants completed the test before and after exposure to
the GAT illusions as well as 30, 60, and 90 minutes after experiencing the illusions.
Accuracy and response times were examined for both the manikin and math portions of
the test.
The primary instrument for determining the extent and severity of subjective
symptoms of motion sickness used in this study was the Simulator Sickness
Questionnaire (SSQ). Developed by Kennedy, Lane, Berbaum, and Lilienthal (1993), the
SSQ is a self-report checklist consisting of various symptoms that are rated by the
participant in terms of severity (see Appendix B). Symptoms covered in the SSQ include
headache, nausea, burping, sweating, fatigue, vertigo, and other similar items. The SSQ
was derived from the Pensacola Motion Sickness Questionnaire (MSQ), which only
reported a single score. The SSQ has three subscales for Nausea, Disorientation, and
Oculomotor distress as well as an overall Total Score. The higher the score, the greater
the severity of the symptoms. For example, a total score of 20 indicates perceptible
discomfort, whereas a total score over 100 indicates that a person is actively ill (Kennedy, et
al., 1993).
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Participants were asked to complete an SSQ before and after any ground-based
illusions (i.e. pre-exposure) and before and after exposure to the GAT illusions to obtain
subjective reports of motion sickness. Data was also collected 30,60, and 90 minutes
after experiencing the illusions.
Participants were also asked to provide saliva samples to be assayed for Cortisol
and amylase levels to determine if a rise in Cortisol and/or amylase levels can be found
that parallel the rise in other symptoms of motion sickness. Samples were collected
before and after experiencing the aviation illusions, as well as 30, 60, and 90 minutes
after. Participants were asked to not eat or drink anything 15 minutes prior to providing a
sample. The samples were kept frozen until being sent to the Yerkes National Primate
Research Center at Emory University in Georgia for Cortisol analysis and Salimetrics,
LLC in Pennsylvania for amylase concentrations.

Design
For the present study, exposure to the ground-based Coriolis illusion as well as
exposure to vestibular disruption were manipulated. For those participants who
experienced vestibular disruption (i.e., went in the GAT), the order of the illusions was
randomized as a control for sequence of exposure; that is, it may be that getting the
Coriolis first may disrupt the runway illusion with residual symptoms. There were several
dependent variables that allowed us to assess the effects of vestibular disruption. These
included total and subscales scores on the SSQ, salivary amylase and Cortisol
concentrations, and accuracy and response times for the ANAM cognitive test.
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Procedure
Complete participation required a three day commitment. For all participants, the
first day of training involved the completion of the informed consent document,
collection of demographic data and two trials of the switching task for training. Also,
those participants assigned to the pre-exposure group completed a pre-exposure SSQ,
experienced 10 spins (ground-based Coriolis), and completed a post-exposure SSQ. For
those participants assigned to the no pre-exposure group, they completed a pre-SSQ,
stood still for an equal amount of time, and then completed a post-SSQ. Participants in
the control group only completed a baseline SSQ.
On the second day of training, all participants again experienced two trials of the
switching task. Also, participants completed SSQ's and experienced the ground-based
Coriolis or nothing depending on their group assignment.
On the testing day, all participants were allowed one practice trial of the switching
task before completing a test for baseline cognitive performance. A baseline SSQ also
was completed and the baseline saliva samples were collected from the pre-exposure and
non pre-exposure groups. After a brief orientation ride in the simulator, those
participants in the pre-exposure group exited the GAT II and experienced the groundbased Coriolis. For those participants in the no pre-exposure group, after the orientation
ride, they exited the GAT II and stood still for a corresponding amount of time. The
control group did not experience any illusion in the GAT II.
After re-entering the GAT II, the participants experienced the first of the two
illusions in the GAT II (the Coriolis or the runway width illusion). Each illusion took
approximately five minutes to experience. The order of the illusions was controlled and
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randomly assigned. Immediately after completion of the first illusion, the participants
completed the SSQ and cognitive test, as well as provided saliva samples. Next, the
participants experienced the second of the two specified illusions. Again, immediately
after completion, the participants completed the SSQ and cognitive test, and provided
saliva samples. For the post-test data collection, participants completed the SSQ,
provided saliva samples, and completed the cognitive test every 30 minutes for 90
minutes. The control group continued to complete the cognitive test over the course of
the experiment.

Results
Data from the 24 participants were analyzed using SPSS (Statistical Package for
the Social Sciences version 14.0). Before any of the hypotheses were tested, an analysis
was conducted to ensure there was no order effect. That is, there was no difference in the
scores of the participants who experienced the Coriolis illusion first compared to those
who experienced it second. There were no significant differences with regard to Cortisol
levels or amylase levels. Also, there were no significant order effects for the ANAM
cognitive data or for SSQ scores. For the first two hypotheses, the one-tailed alpha
probability level was set at p<0.05. For the third hypothesis, the alpha level was also set
atp<0.05.

Hypothesis One
The first hypothesis examined the effect of the Coriolis illusion. The Coriolis
illusion is disruptive to the vestibular system, and should produce symptoms of motion
sickness. The runway illusion is a visual illusion and should not stimulate the vestibular
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system. Only the eight participants that did not receive the ground spin were examined,
as we did not want the ground-based countermeasure (which was believed to reduce
symptoms) to interfere with the results.
Neuroendocrine results. For the first hypothesis, mean salivary amylase and
Cortisol levels of the participants' samples taken 15 minutes after experiencing each
illusion were compared, as it takes that amount of time for the hormones and proteins,
released in the blood stream, to be detectable in saliva (Skosnik et al., 2000; Otsuka,
Onozawa, Miyamoto, 2006). Two outliers were removed from data analysis. The first
was removed because blood was noticed in the saliva sample and when results were
obtained, the concentration level was more than three standard deviations above the
mean. Another data point was removed because it too was more than three standard
deviations above the mean.
The Coriolis illusion did not have a significant impact on participants' Cortisol
levels. After experiencing the Coriolis illusion, participants' mean Cortisol level was 0.62
ug/dL (SD = 0.36), and after experiencing the runway illusion their average Cortisol level
was 0.51 ug/dL (SD = 0.23). This difference, however, was not significant (t(7) = 1.54,
p= 0.08), as revealed by a one-tailed, repeated measures t-test.
Also, there was no significant effect of the Coriolis illusion with regard to the
amylase data. After experiencing the Coriolis illusion, participants' mean amylase level
was 113.75 U/mL (SD = 36.00), and after experiencing the runway illusion their average
amylase levels was 118.70 U/mL (SD = 52.88). Their amylase levels decreased after
experiencing the illusion, which was opposite of what was predicted by the first
hypothesis. A one tailed, repeated measures t-test revealed that the difference between
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the amylase levels after experiencing the Coriolis illusion and after experiencing the
runway illusion was not significant (t(7) = -0.25, p= 0.41).
Cognitive results. It was predicted that participants' accuracy scores would be
less and response times would be greater after experiencing the Coriolis illusion
compared to scores after experiencing the runway illusion for both the manikin and math
portions of the cognitive test. As shown in Table 1, average math accuracies were higher
after experiencing the Coriolis illusion compared to the runway illusion (M= 95.01,
93.53, respectively), which was the opposite of what was predicted by the first
hypothesis. This difference was not significant (t(7) = 1.31,p = 0.12)as revealed by a
one tailed, repeated measures t-test. For the manikin portion of the test, average accuracy
scores were the same after experiencing the Coriolis illusion and the runway illusion.
Reaction times also were not significantly impacted by the Coriolis illusion. For
the mathematical portion, the participants' mean reaction time after experiencing the
Coriolis illusion was slightly higher than after they experienced the runway illusion, but
the difference was not significant (one tailed, repeated measures t-test, t(7) = 1.01, p =
.17). Similar results were found for the manikin portion of the test. Participants' mean
reaction time after experiencing the Coriolis illusion was slightly higher than after they
experienced the runway illusion, but the difference was not significant (one tailed,
repeated measures t-test, t(7) = 1.63 , p= .08).
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Table 1. Table of Means for Overall ANAM Performance (± standard deviations)
After experiencing
Coriolis Illusion

After experiencing
Runway Illusion

Overall Accuracy- Math (%)

95.01 ±4.19

93.53 ±3.72

Overall Accuracy- Manikin (%)

98.05 ± 2.60

98.05 ±3.18

Overall Reaction Time-Math (msec)

2368.91 ± 452.97

2259.61 ± 535.84

Overall Reaction Time- Manikin (msec)

1204.74 ±248.55

1112.29 ±187.81

Dependent Variable

For the previous analyses, overall accuracies and response times were analyzed
and there was no significant impact of the Coriolis illusion for either the manikin or math
portions. Each test consisted of 160 questions, which took participants an average of 10
minutes to complete. It was hypothesized that perhaps the length of the test diluted the
effect of the Coriolis illusion. That is, although no overall effect was found, perhaps the
Coriolis illusion had an impact early in the test.
When data for all 160 questions were plotted, visual inspection revealed impacts
of the Coriolis illusion on the mathematical trials within approximately the first 40
questions of the test (See Figures 5 and 6). No trends emerged for the manikin data.
When data from only the early portion of the mathematical trials were analyzed (those
trials within the first 40 questions), significant differences were found (see Table 2).

Quantifying the Cognitive 29

Hypothesis 1 Math Accuracy
A/=8

105
100
8"
O

o

<

85
80

I I I I I I I I I I I I I I [ I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I 1 ! I! I I I I I I I I I I I I I I I I I I I I I I I I II I I I

* *> <£> <$> #

#

After Runway

^

<£ #

Ncj» No?

$> ^

^

Question

After Coriolis

Figure 5. Question-by-Question Graph of Mathematical Accuracy

Hypothesis 1 Math Reaction Time
W=8
3000

o
g 2500
~ 2000
c
o

"•5
1500 -r"
re
o>
a:

1000

i in in in in in in

KP &
After Runway
After Coriolis

MM

in in in in in in in in in in in in m i in in in in in n

\? <b^ «P <bv N<S" NNN < F <b^ NS
Question

Figure 6. Question-by-Question Graph of Mathematical Reaction Time

As shown in Table 2, after experiencing the Coriolis illusion, participants' mean
first quarter accuracy to the math trials was less compared to after they experienced the
runway illusion, which was what was predicted by the first hypothesis. A one-tailed,
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repeated measures t-test revealed the difference was significant (t(7)= 2.05, p=.04). In
addition, the Coriolis illusion had a significant effect on reaction times for the
mathematical portion of the first 40 questions (see Table 2). Participants' average
reaction times after experiencing the Coriolis illusion were significantly slower compared
to reaction times after experiencing the runway illusion (one tailed, repeated measures ttest, t(7)= -3.40, p= .006). The Coriolis illusion had an effect on the early mathematical
trials of the cognitive test.

Table 2. Table of Means for First Quarter ANAM Performance (± standard deviations)
Dependent Variable
First Quarter Accuracy- Math(%)
First Quarter Reaction Time- Math (msec)

After experiencing Coriolis
Illusion

After experiencing Runway
Illusion

92.26 ±5.05

95.24 ±5.09

2457.23 ±437.15

2121.54 ± 699.93

Subjective results. Before any analyses were conducted, baseline Total SSQ
scores were examined to eliminate any participants that were not in good health.
Previous studies using SSQ scores recommend that only participants with pre-exposure
Total SSQ scores at or below 7.48 be included (Stanney et al., 2003). Data from three
participants were not included.
The first hypothesis predicted that the Coriolis illusion would increase subjective
reports of motion sickness (as measured by the SSQ) compared the runway illusion.
Total SSQ scores were examined, as well as the three subscales (Nausea, Oculomotor,
and Disorientation). The SSQ data were assumed to be non-parametrically distributed,
due to the non-interval scaling used in sampling (Stanney, et al., 2003; Singer, Grant,
Commarford, Kring, & Zavod, 2001). For data analysis, a one-tailed Wilcoxon Sign
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Ranks test was used as it does not require the assumption that the population is normally
distributed. The Wilcoxon test is similar to the parametric repeated measures t-test.
When SSQ scores immediately after experiencing the Coriolis illusion were
compared to scores immediately after experiencing the Runway illusion, no significant
differences were found, for any of the scales. However, given the evidence of the impact
of the Coriolis illusion on cognitive data, the SSQ data was investigated further. SSQ
scores from immediately after experiencing the Coriolis illusion were compared to
baseline SSQ scores, to see if there were any significant changes.
As shown in Table 3, the Coriolis illusion caused an increase in Total SSQ scores
from baseline scores, as indicated by the sum of the positive ranks. This difference was
significant (z = -1.83, p = 0.03) as revealed by the Wilcoxon signed ranks test. A
negative rank would indicate that after experiencing the Coriolis illusion, Total SSQ
scores decreased compared to baseline.

Table 3. Wilcoxon Signed Ranks Test for Tota I SSQ Scores
3.74
7.48
Baseline Total SSQ Score
3.74
18.7
After Coriolis Total SSQ Score
0
11.22
Difference
Rank of Difference
1
3
1
3
Signed Rank
Sum of positive ranks
15
Sum of negative ranks
0

7.48
52.36
44.88
5
5

0
29.92
29.92
4
4

7.48
11.22
3.74
2
2

The Coriolis illusion also had a significant impact on scores from the
Disorientation SSQ subscale (see Table 4). For the majority of the participants,
Disorientation SSQ scores increased from baseline after experiencing the Coriolis
illusion. This increase was significant (z = -1.83, p = 0.03). Symptoms included in the
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disorientation subscale include difficulty focusing, nausea, blurred vision, dizziness with
eyes open and closed, and vertigo.

Table 4. Wilcoxon Signed Ranks Test for Disorientation SSQ Data
Baseline Disorientation SSQ Score
13.92
0
0
After Coriolis Disorientation SSQ Score
13.92
55.68 125.28
Difference
0
55.68 125.28
Rank of Difference
1
4
5
Signed Rank
1
4
5
Sum of positive ranks
15
Sum of negative ranks
0

0
41.76
41.76
3
3

0
27.84
27.84
2
2

Scores from the Nausea and Oculomotor subscales also increased from baseline
after experiencing the Coriolis illusion; however, the differences were not significant.
Therefore it was concluded that the Coriolis illusion had a significant impact on Total and
Disorientation SSQ scores.

Hypothesis Two
The effectiveness of the ground-based countermeasure was examined by testing
the second hypothesis. It was believed that the ground-based countermeasure would
reduce the symptoms of vestibular disruption, i.e., fewer symptoms would be reported by
the pre-exposure group after experiencing the Coriolis illusion. The eight participants
that received the countermeasure were compared to the eight participants that did not
receive the treatment.
Neuroendocrine results. Since the first hypothesis was not supported for the
neuroendocrine data, the second hypothesis was not evaluated. The first hypothesis
showed that the Coriolis illusion did not produce a significant increase in salivary
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amylase or Cortisol. That is, there was no effect. The second hypothesis tested the
effectiveness of the ground-based countermeasure. However, since the Coriolis illusion
did not cause a significant increase in the neuroendocrine data, there was no effect for the
countermeasure to counter. Any significant differences between the pre-exposure and no
pre-exposure group could not be attributed to the countermeasure as there was no effect
for it to counter.
Cognitive results. The first hypothesis showed that the Coriolis illusion had a
significant impact on the mathematical trials in the first quarter of the test. Specifically,
accuracy scores were decreased and reaction times were slowed. The second hypothesis
evaluated the effectiveness of the countermeasure in reducing these symptoms. Since the
first hypothesis was not supported for the manikin trials, the second hypothesis was not
evaluated for that data.
As seen Figure 7, the group that received the ground-based countermeasure had
higher accuracies immediately after experiencing the Coriolis illusion. This claim is
limited to the math trials in the first quarter of the cognitive test. The group that did not
receive the countermeasure had an average accuracy of 92.26% (SD = 5.05) while the
group that received the countermeasure had a mean accuracy of 97.62% (SD = 4.41).
This difference was significant, as revealed by a one tailed, independent samples t-test
(t(14) = 2.26, p = 0.02).
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Figure 7, Effect of Countermeasure on Average Accuracy (First Quarter Math Trials)
In addition the group that received the ground-based countermeasure had faster
reaction times than the group that did not receive the countermeasure (see Figure 8).
Again, this claim is limited to the math trials in the first quarter of the cognitive test.
The group that did not receive the countermeasure had an average reaction time of
2457.23 msec (SD = 437.15) while the group that received the countermeasure had a
mean reaction time of 2099.88 msec (SD = 629.81). However, a one tailed, independent
samples t-test showed this difference was not significant (t(14) = -1.32, p = 0.10).
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Figure 8. Effect of Countermeasure on Mean Reaction Time (First Quarter Math Trials)
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Subjective results. The first hypothesis showed that the Coriolis illusion had a
significant impact on subjective reports of symptoms. Total SSQ scores and
Disorientation SSQ scores were higher after experiencing the Coriolis illusion. Since the
SSQ data were assumed to be non-parametrically distributed, one tailed Mann Whitney U
tests were used to compare the SSQ scores of the countermeasure and no countermeasure
group to evaluate the second hypothesis. The Mann Whitney U is similar to the
parametric independent samples t-test.
The participants' raw Total SSQ score after experiencing the Coriolis illusion are
presented in Table 5. The group that received the countermeasure had a higher sum of
ranks compared to the group that did not receive the countermeasure. This indicated that
the group that received the ground-based countermeasure had higher Total SSQ scores,
which is opposite of what was predicted by the second hypothesis. The difference
between the countermeasure and no countermeasure group was not significant (z = -0.84,
p = 0.20).

Table 5. Mann Whitney U Test for Total SSQ Data
Countermeasure Group
Total SSQ
Score
immediately
after Coriolis
Rank
Sum of Ranks

22.44 33.66 29.92 37.40

6.5
31.5

No Countermeasure Group
14.96 3.74 18.70 52.36 29.92 11.22
10
23.5

6.5

With regard to Disorientation SSQ scores, the group that received the
countermeasure had a lower sum of ranks compared to the no countermeasure group (see
Table 6). This indicates that the group that received the ground-based countermeasure
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had lower Disorientation SSQ scores. While the difference was in the same direction as
predicted by the second hypothesis, it was not significant (z = -1.19, p = 0.12).

Table 6. Mann Whitney U Test for Disorientation SSQ Data
Countermeasure Group
No Countermeasure Group
Disorientation
SSQ Score
27.84 27.84 27.84 41.76 0 13.92 55.68 125.28 41.76 27.84
immediately
after Coriolis
4.5
7.5
4.5
Rank
4.5
4.5
10
7.5
22
Sum of Ranks
33

Hypothesis Three
The third hypothesis examined the duration of the effects of motion sickness.
After experiencing the illusions in the flight training device, participants were kept for 90
minutes and continued to complete SSQ's, provide saliva samples and take the cognitive
test every 30 minutes. Only those dependent measures that showed an effect of the
Coriolis illusion were examined (i.e., early math accuracy and response times, and Total
and Disorientation SSQ scores).
Neuroendocrine results. Since there was no impact of the Coriolis illusion (as
shown by the first hypothesis), the third hypothesis did not examine data from salivary
amylase and Cortisol. Any changes over time would not be attributable to vestibular
disruption.
Cognitive results. The Coriolis illusion had a significant impact on accuracy
scores and reaction times for the mathematical trials in the first quarter of the test, as
found by the first hypothesis. Therefore the duration of the effect was analyzed. After
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experiencing the Coriolis illusion, participants completed a cognitive test every 30
minutes for 90 minutes.
The third hypothesis evaluated the differences in math accuracy scores and
response times (from the first quarter of the test) over six intervals (baseline, immediately
after experiencing the Coriolis illusion, immediately after experiencing the runway
illusion, 30 minutes post, 60 minutes post and 90 minutes post). Only the participants
that did not receive the ground-based countermeasure were included in the analysis. A
repeated measures ANOVA revealed there was no significant difference over the six
intervals for the math accuracy scores (F(5,35) = 0.77, p= 0.58). This indicated that there
was not even an initial effect of the Coriolis illusion.
A similar analysis was conducted with math reaction time data. The repeated
measures ANOVA showed a significant difference across the intervals (F(5,35) = 2.54,
p= 0.046). However, when post analyses were conducted using a Dunnett's test, no
effect of the Coriolis illusion was found. Again this is contrary to what was found with
the first hypothesis.
Subjective results. The Coriolis illusion caused a significant increase in Total and
Disorientation SSQ scores, as per the first hypothesis. The SSQ data was assumed to be
nonparametricly distributed, so a Friedman One-Way ANOVA was used to evaluate the
third hypothesis. The Friedman is similar to the parametric one way repeated-measures
analysis of variance (Howell, 2002).
With regard to Total SSQ scores, the result of the Friedman test was significant
(A2 = 14.27, p=.01). However, when post hoc analyses (i.e., Wilcoxon tests) were
completed to identify where the significant differences existed, no effect of the Coriolis
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illusion was found. Although Total SSQ scores increased after experiencing the Coriolis
illusion compared to baseline (see Table 3) the difference was not significant (one-tailed
Wilcoxon test, z -1.83, = p 0.03). A Bonferroni correction was used to control for
inflation of the family wise error rate (Howell, 2002). The alpha level was determined to
be 0.0125. Therefore, there was no initial effect of the Coriolis illusion.
A similar trend was seen in Disorientation SSQ scores. The result of the
Friedman test was significant (X2 = 16.34, p=.01). However, post hoc analyses revealed
that the Coriolis illusions did not cause an initial change from baseline scores. Although
Disorientation SSQ scores increased after experiencing the Coriolis illusion compared to
baseline (see Table 4) the difference was not significant (one-tailed Wilcoxon test, z = 1.83, p = .034). Again, the alpha level was set to 0.0125 as a Bonfenoni correction was
used.
Hypothesis Four
The fourth and final hypothesis investigated the effects of the new testing
environment on cognitive performance. On the testing day, participants completed the
cognitive test on different computers and in a different location compared to the two
training days. The final hypothesis was a control to show that any changes in cognitive
performance were due to the Coriolis illusion and not to the testing environment.
However, since the third hypothesis revealed there were no changes in cognitive
performance, no change could be due to the different testing location. Therefore the
fourth hypothesis was not evaluated.
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Discussion
The most obvious conclusion was that the Coriolis illusion did not seem to have
an effect on the participants in this study. The first hypothesis compared the participants'
performance immediately after the Coriolis illusion to immediately after the runway
illusion. For the early mathematical cognitive performance data and Total and
Disorientation SSQ scores, significant differences were found with repeated measures ttests. However, when a more powerful analysis was conducted (a repeated measures
ANOVA for hypothesis three), it revealed there was no significant effect of the Coriolis
illusion for any of the dependent measures. The repeated measures ANOVA is more
powerful because it takes into account variability due to the treatment and variability due
to error, like individual differences of the participants (Howell, 2002).
The Coriolis illusion is a one of the most powerful aviation illusions. Perhaps the
reason the Coriolis illusion did not cause an effect was not because of the strength of the
illusion, but because of the characteristics of the participants. The participants in the
present study were all pilots and perhaps this is a population that is not very susceptible
to motion sickness. If a person is very susceptible to motion sickness, he or she probably
would not become a pilot, or engage in other behaviors that involve provocative motion.
While the use of pilots improved the generalizability of the present study, it may have
prevented the Coriolis illusion from causing a noticeable effect.
Another issue with regard to the participants was their flight hours. One of the
conditions of participation was that participants could have no more than 200 total flight
hours. Even without an official instrument rating, pilots with 200 flight hours still
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receive some instrument training. Perhaps a limit of 30 to 40 flight hours would have
been more appropriate and an effect of the Coriolis illusion would have been observed.
It could be argued that the data for the cognitive performance should be analyzed
using nonparametric tests due to the small sample size. Nonparametric tests do not
assume that population distribution is normal. According to the central limit theorem as
sample size increases, the sampling distribution becomes more and more normal (Howell,
2002), making parametric data analysis appropriate. When evaluating the effect of the
Coriolis illusion on cognitive performance, only eight participants are included. Perhaps
larger sample sizes would have increased the probability of finding a significant effect of
the Coriolis illusion for the other dependent measure when parametric tests were used.
An additional issue concerning the cognitive performance data is the dependent
measures that were used. For the present research, accuracy and response times were
used. However, an analysis of thruput, which measures the number of correct responses
per minute, would have been more beneficial. Thruput would take into account the
relationship between accuracy and response times, as participants often sacrificed speed
for accuracy. There were problems with the calculations of thruput that could not be
resolved by the creators of ANAM, and therefore it was not included in data analysis.
For the preset research, the Coriolis illusion did not cause a significant increase in
salivary amylase or Cortisol levels. For both amylase and Cortisol, the participants'
baseline levels were very high, indicating stress. The participants' mean baseline Cortisol
level was 0.77 ug/dL (SD = 0.33), and their average baseline amylase level was 132.88
U/mL (SD = 66.80). Baseline saliva samples were collected on the testing day, right
before participants entered the GAT II. The participants were possibly very nervous
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about getting in the simulator, meaning the baseline sample was not a true, resting
baseline. It would have been more beneficial to collect baseline saliva samples at a time
when the participants were completely relaxed. Also, due to scheduling conflicts,
participants were tested at various times of the day, which did not allow for proper
control for the circadian rhythmicity of Cortisol release. It is well established that Cortisol
levels are higher in the morning and decrease as the day continues (Widmaier, Raff &
Strang, 2006). The participants should have experienced the experiment at the same
time of day and the salvia samples should have been taken at the same time for everyone
to eliminate this confound.
With regard to the ground-based countermeasure, since it was discovered that the
Coriolis illusion did not cause a significant effect for any of the dependent measures, no
conclusions regarding the effectiveness of the countermeasure can be made from the
present research. There was no effect for the countermeasure to counter. In addition,
since there were no immediate effects of the Coriolis illusion for the present research, no
conclusions could be made regarding the duration of its effects.
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Conclusion
The present study examined aviation illusions and motion sickness.
Unfortunately, the Coriolis illusion, as induced by the GAT II, did not seem to cause an
effect in the participants, who were all pilots. Perhaps this population is comprised of
motion insensitive people, i.e., possibly people with motion sensitivity self select
themselves out of the pilot population. Future studies should include participants who are
sensitive to provocative motion. Since there was no conclusive evidence of an effect of
the Coriolis illusion, no conclusions can be made regarding the effectiveness of the
ground-based countermeasure, or the duration of the effect of the illusion.
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Appendix A Sample screen shot horn ANAM Switching Task
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Appendix B: Simulator Sickness Questionnaire
Symptom
General Discomfort
Fatigue
Headache
Eye Strain
Difficulty Focusing
Salivation Increase
Sweating
Nausea
Difficulty Concentrating
"Fullness of the head"
Blurred Vision
Dizziness with eyes open
Dizziness with eyes closed
Vertigo
Stomach Awareness
Burping

None

Slight

Moderate

Severe
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Appendix C: Motion History Questionnaire
Motion History Questionnaire
1) Approximately how many total flight hours do you have?
0-100
101-500
501-1000

1001+

2) How often would you say you get airsick?
Always
Frequently
Sometimes

Never

3-a) How many total flight simulator hours do you have?
0-25
26-50
51-75

76+

3-b) How many times have you been in a virtual reality device?
0-25
26-50
51-75

76+

4) How much experience have you had at sea aboard ships or boats?
Much
Some
Very Little
None
5) From your experience at sea, how often would you get seasick?
Always
Frequently
Sometimes
Never
6) How often do you get carsick?
Always
Frequently

Sometimes

Never

7) How often do you get motion sick while reading in the car?
Always
Frequently
Sometimes

Never

8) Do amusement park rides make you sick?
Always
Frequently
Sometimes

Never

9) Have you ever been motion sick under any other conditions than the ones listed so far?
Yes
No
10) In general, how susceptible to motion sickness are you?
Extremely
Very
Moderately
Minimally

Not at all

11) Have you been nauseated FOR ANY REASON during the past eight weeks?
Yes
No
12) When you were nauseated for any reason (including flu, alcohol, etc.); did you vomit?
Easily
Only with difficulty
Retched/ Vomited with great difficulty
13) If you vomited while experiencing motion sickness, did you:
Feel better and remain so Feel no better, but not vomit again
Feel better temporarily, then vomit again
Other
14) Most people experience slight dizziness (not as a result of motion) three to five times a year. In
the past year, have you been dizzy:
More than this
The same as this
Less than this
Never dizzy
15) Have you ever had an ear illness or injury, which was accompanied by dizziness and/or nausea?
Always
Frequently
Sometimes
Never
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Appendix D. Demographic Questionnaire
Demographic Questionnaire
Thank you for your participation in the research project. Please complete this
demographic questionnaire so we can collect some background information on our
participants. Your identity will remain completely anonymous.
Age
Gender: MALE

FEMALE

Known Medical Conditions/ Medications you are currently taking

Have you had any history of ear infections or inner ear disorders? If yes, please explain

How many hours of sleep do you get on an average night?

Do you think you are getting enough sleep? Please Explain.

Please describe your flight experience (type of aircraft, number of hours, certificates, etc.)
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Appendix E. Informed Consent
Participant Information Statement
Quantifying the cognitive, symptomatic, and neuroendocrine impact of the Coriolis illusion; a
countermeasure for motion sickness
Conducted by Catherine Grandizio
Advisor: Dr. Jon French
Embry Riddle Aeronautical University
600 S. Clyde Morris Blvd.
Daytona Beach, FL 32114
Purpose of Research
The purpose of the experiment is to investigate the impact of various aviation illusions and
countermeasures on spatial orientation.
Specific procedures to be used
Participants will operate the GAT II simulator, learn and perform a cognitive assessment test, provide
saliva samples, and complete surveys of motion sickness.
Duration ofParticipation
A total commitment of 4.5 hours is required for participation. This will be spread out over 3 days.
The first two days will require 30 minutes of participation each, and the third day will require a 3.5
hour commitment.
Benefits to the Individual
You will be compensated for your participation. Participants who complete the research will be paid
$50.
Risks to the Individual
Potential risks include symptoms of motion sickness, including nausea, headache and fatigue. These
symptoms sometimes result after operating a simulator. Participants are advised that since no one is
certain how long symptoms of motion sickness persist, they agree not to pilot an aircraft within 24
hours of completing the study.
Confidentiality
Efforts will be made to maintain participants' privacy. Each participant will be assigned a number,
and only that number will be used while recording and reporting data. All data will be kept in a
locked file cabinet in Dr. French's office. The saliva data that are collected will only be used to
quantify the physiological stress the participant may experience by evaluating for the presence of two
biomarkers, Cortisol and amylase. Further, all of the samples will be destroyed once data analysis is
complete.
Voluntary Nature ofParticipation
Participants do not have to participate in this research project. Also, participants may terminate their
participation at any time without penalty. Participants will still be paid for the time they have
contributed.
Thank you for your participation. If you have any questions, please do not hesitate to contact
Catherine Grandizio (Phone: (904) 669-1547 or email: granddbO@erau.edu) or Dr. French (Phone:
(386) 226-6384 or email: frenc70f@erau.edu)
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Statement of Consent
Embry Riddle Aeronautical University

I consent to participating in the research project entitled: Quantifying the impact of
aviation illusions and countermeasures on spatial orientation.
The individual above, or their research assistants, have explained the purpose of the
study, the procedures to be followed, and the expected duration of my participation. I
have read the page labeled "Participant Information Statement" and agree to the
conditions of the study. Possible benefits of the study have been described, as have
alternate procedures, if such procedures are applicable and available.
I currently hold a valid Class III medical certificate indicating I am medically qualified to
experience the physical challenges of flight. There will be no other medical screening
and I further certify that I am not currently under taking any prescription medication nor
undergoing any medical care.
I acknowledge that I have had the opportunity to obtain additional information regarding
the study and that any questions I have raised have been answered to my full satisfaction.
Furthermore, I understand that I am free to withdraw consent at any time and to
discontinue participation in the study without prejudice to me.
Finally, I acknowledge that I have read and fully understand the consent form. I sign it
freely and voluntarily. A copy has been given to me.

Date
Participant's Name (please print)

Participant's signature

Researcher/Assistant signature

Yes, I would like to be contacted regarding the results of the study

